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NON-BUCKLING BALLOON CATHETER 
RELATED APPLICATIONS 

This application is a continuation-in-part of U.S. Application No. 
10/436.452, filed May 12. 2003, which claims the benefit of U.S, Provisional 
Application No, 60/381 ,975, filed May 16. 2002, both of which am entitted 
"Non-Buckling Balloon Calheter'^ 

TECHNICAL FIELD 

This Invention relates to medical devices, and more particularly to 
balloon catheters that can be placed wrlhin a body lumen and Inflsrted to 
perfonm various meditiaJ procedures. The Invention is especially relevant to 
baffoqn qatheters with baiioons formed of non-elastomeric films or materials, 
v^fherein the film that fonnns the balloon is folded and unfolded during deflstion 
and inflation, respeotJvely, of the balloon. 

BACKGROUND OF THE INVENTION 

Balloon catheters are used to perform various medical procedures 
wherein the balloon is positioned v^in a body lumen or canal and 
subsequGntly Inflated, in some of these medical proOedufBs, such as in an - 
angioplasty procedure, the balloon is inflated so as to expand the interior 
volume of the body canal_ In this type of procedure, the balloon is expanded 
to apply pressure to the interior surface of the body canaf to thereby cornpmss 
any tissue protruding into the canal ^nd thereby enlarge th© interior volume 
thereof. Once the tissue has been compressed, and the body canal widened, 
the balJoon is deflated and removed. 

, In other types of medical procedures, such as photodynamic therapy 
(PDT), a balloon catheter Is used to align and stabilize tine catheter within the 
body tumen. For example, the ballqon catheter may be inflated under low 
pressure within a body lumen such as the esophagus. A therapeutic fiber 
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cm device tt.en inserted into the catheter in the v/cinity of the balloon 
Th^ thempeutic m^r optic device is then used to emit Jight wavea to treat tha 
sun-ound,ng tissue. In this procedure, the balloon is used to both align the 
catheter in the .^nter of the body lumen, and to prevent the catheter from 
nioving during th^ PDT procedure. However, the tissue to be treated must 
not be unduly compressed by the expanded balloon. Thus, the balloon is 
expanded only enough to lightly contact the interior surface of the lumen and 
align the catheter; 

As will be explained below, conventional balloon catheters have a 
number of shortcomings that make them inadequate for many of the above- 
descnbed procedures, and in particular, for PDT procedures. 

A typical balloon catheter 100 is shown In FIGS. 5A-5D. As best seen 
in HG. 5A, a convejitional balloon catheter 100 comprises a balJoon 102 that 
.s affixed to a catheter 104. The balloon 1 02 is typically manufactured from a 
non^elastomeric material (e.g,. a semMgld or non^compliant material) and 
rnc/iides a distal neck or end 106. a prQ>fimal neck or end 108 and a central 
porffon 110. .77,6 balloon 102 is affixed to the catheter 104 by inserting the 
distal end 112 pf the catheter 1 04 into and through the proximal end 1 0B of 
the balloon 102, The balloon 102 Is then slid over the cathetar 104 until the 
20 d^tal end 1 12 of the catheter 104 is inserted into ths distal end 1 06 of the 

balloon 1 02. The distal end 1 1 2 of the catheter 1 04 is then afflxad to the 
distal end 1 06 of the balloon 1 02 by an adhesive, ultrasonic welding, or some 
Other method The proximal end 1 OS of the balloon 1 02 is aimllariy affixed to 
the outer wall of the catheter 104 so as to anchor and seal the proximal end of 
25 the balloon 102. • 

The catheter 104 includes an aperture 1 14 for the introduction of air or 
some other fluid into the interior volume of the baiioon 1 02. Although not 
shown in the drawings, the piuximai end of the catlieter 104 Is typically 
attached to a device, such a^ a syringe, that is manipulated to either inflate or 
30 . deflate the baitoon 102 fay injecting a fluid into or wIlhdrawinQ a fluid f ^m. 

respect/vely. the Interior volume of tfio baJIOOn 1 0£, 
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The conventional b^loon catheter 100 has a numt,er of drawbacks for 
use {n many of th^ above-described procedures, end fn partfcular. for use in 
PDT proceduree. When initially manufactured, the balloon catheter 1 0O 
gener^Jy assumes a sh.pe end configuration as depleted in HQ. 5A. As can 
be seen .n this drawing, the central portion 11 0 of the balloon 102 is 
connects to the dlstat end 106 and the proximal end 108 by tapered or 
conical ..ctions 1 1 6. The tapered sections 1 1 6 proWde e trar^sltion between 
the larger diameter of the central portion 1 10 of the balloon 102 and the 
outermost portions of the balloon 102 {Le., the distal end 106 and the pn»dmal 
end 1 oe) that are connected to the catheter 1 04. 

At the time of packaging by ths manufacturer or at the initiation of the 
medical procedure, the balloon 102 is typically deflated prior to inserting of the 
balloon catheter 100 into the body canal. Deflation of the balloon 103 is 
necessary to reduce the overai/ cross^ection or diameter of the device to 
permit It to pass through an endoscope and/or to riavigate and pass through 
Ihe body's internal canais. Fia 58 depicts the balloon catheter 1 00 in the 
deflated state. As can be seen in this drawing, the balloon 102 is forced to 
compress in length. This is because the overall length of the material that 
forms the central portion 110 and the tapered portions 1 16. as moaeu,^ 
along the suriace of the balloon 1 02 in a generally axial direction of the 
catheter 104 (i.e., from one end of the balloon 102 to the other), is greater 
than the distance between the distal end 1 06 and the proxfmaf end 1 qe. As a 
result of this compression, transverse creases 1 18 typically fomi along the 
surface of the baBoon 1 02. 

After the balloon catheter lOo is positioned within the body canal (not 
shown] at the desired location, inflation of the balloon 1 os is initiated as 
Shown in FIQ. 5C. As depicted in this drawing, the creases 1 18 In the surface 
of the material may prevent the balloon 102 ftom fully expanding to its nomial 
length (i.e.. as shown in RG. 5A). In other words, the balloon 102 tends to act 
lite a spring under torsion. As a result, the portion of the catheter 1 04 that 
l«es between the distal end 106 and the praximai end 1 08 of the balloon 1 02 
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Wi» be fomed into compression, and a.^y begin to bow t20 as . result of 
tnese compressn/e fonces. 

As Inflation of th* balloon lOfi conlinuaa, bowing 120 of the catheter 
104 n..y be lncr.^.d a« shown in F,a 5b. T7,ls the result of transverse or 
ou^arda.pan.ion of the antral portion 1 1 0 of the balloon, whioh tends to 
pull the distal end 106 and the proximal end 108 towards each other 

Bowing 120 Of the catheter 104 may not be eliminated urrtW a 
suffiobntly high Inflation pressu^ Is applied to the balloon 1 02 (.ee FIQ SA) 

However, soma bowing 120 of th. catheter 104 may nevertheless ren^aln If 
the ,n,tml deflation of the balloon 1 02 (see FIQ. 5B) resulted in the f.rmat.on 

pem,an.nnransv... crease. 1 ia. Pehnanent bowing 120 of th. catheter 
104 . more hkely 1, the balloon 102 is constructed from a rK«-ela.tomerio 

The formation of transverse creases 1 18 and the bowing 120 of the 
catheter 1 04 can negatively impact the of the convention^ balloon 
catheter 100 dmng certain medical procedures. For example, during 
angioplasty procedures, perrrtanent creases 1 1 8 in the surface of the balloon 
102 may prevent the complete or uniform compression of the tissue on the 
-nterfor surface of the body canal against which th^ balloon 1 02 is expanded 
may result in a decrease In effectiveness of the angiopl^ty procedure 
Wflh respect to PDT procedures, any bowing 120 of the catheter 104 
can prevent accurate alignment and centering of the oaihet^r 104 wfthin the 
body lumen or canal to be treated This is bacauss typical PDT procedure, 
dp not allow the expanded balloon 102 to exert excess pressure or heavy 
contact on the Interior surface of the body lumen. Thus, the balloon 1 02 
cannot be inflated with a pressure that is sufficient to eliminate any bowing 
120 of the catheter 104. The catheter 104 may consequently not be property 
centered in the body lumen. As a result, effective treatment of the body 
fumen tssue with the therapeutic fiber optic device, which 1. positioned inside 
the catheter 1 04, may be inhibited. 

In addiJjon. because the distal end 1 06 and Ihe proximal end 108 of the 
balloon 102 are both fixed to the catheter 104 at permanent {i.e. non- 
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moveable) {ooatbns. tha ability to reduce the diameter of the deflated balloon 
102 may be limrted. particuJariy if the balloon 102 is manufactured from a non- 
etestomeric material. In other words, the central portion 1 1 o of the balloon 
102 may not compress t.'ghtfy about the catheter 104 during deflation because 
of the crtBSBs lie fornied in the material of tha balloon 1 02 (see FIG. SB). 
Bunching of the balloon material rrtay likewise limft the deflated diameter or 
cross^section of the balloon 102. Consequently, the device may be more 
difficult to maneuver during ingress or eg.^ of the device through the body's 
canals. In addition, the resulting "wrinkled" surface of the balloon 102 may 
cause irritation to body canal tissue during ingress or egress of the device 
and/or prevent the device from passing through the endoscope channel. 

What is needed is an Improved balloon catheter that overcomes the 
disadvantages of the conventional devices. }n particular, what is needed is a 
balloon catheter that can be deflated to a minimal diameter for ingress and 
egress through the body's canals and/or an endoscope channel, that resiets 
the formation of transverse creases in the surface of the balloon durine 
deflation, and that resists bowing of the catheter portion located within the 
balloon upon inflation. 



SUMMARY OF THE INVENTION 

The foregoing probteme are ©oJved and a tetrlinical advance is 
achieved by the balloon catheter of the present invention. The balloon 
catheter rncfudes a roundsd or cyiindrically shaped balloon that is affixed to a 
catheter. The balloon includes a distal end, a proximal end and a central 
portion, and may be f omfied of a non-elastomeric material. The balloon is 
attached to the catheter by inserting the distal end of the catheter into and 
through the proximal end of the balloon until the distal end of the catheter is 
Inserted into a portion of the distal end of the balloon. The proximal end of the 
balloon is then affixed to the outer wall of the catheter so as to pjwide an air 
tight between these components. 



The ctet^l end of the catheter is not affixed to the distal end of the 
bairoon Jn one aspect of the invention, the catheter tetmfnBtas at or near th. 
prox,me. ^nd of th« balJour,. A Stiffening member fe disposed wrthin the 
catheter and ^nds distally through the interior of the baJioon and fohns a 
.i.Pfoirrt«onw.hthedi.tate„doftheballooa Th. aiip Joint ailows the 
d^d end Of ihe bafloon to axiaUy move or translate with rasped to the distal 
.nd of the catheter while maintaining axial alfgnm.nt of th. balloon relative to 
the stiffening member. 

The above^desDdbed configiiration allows the overall length of the 
balloon to Change during inflation or deflation, the change in length of the 
balloon not being Impeded by the predetermined length of the catheter ,n 
Addition, the abov^scrib^ configuration pmveots the relative axial rigidity 
Of the catheter and stiffening member from genorating any axi.I t.n.ile or 
compressive forces in the balloort. Conaequerrtly. ti^nsverse cr^ of the 
central portion of the bafioon is eliminated or at least minimized. Moreover 
^ central portion of tho balloon can be collapsed into a smaller diameter or 
cross-section for inaress or egress of the balloon catheter through the body's 
canals and/or the endoscope channel. 

The slip joint (or the elimination of a continuous catheter connected 
between both ends of the balloon) also prevents balloon from generating any 
adverse forces in the catheter during inflation or deflation of the device m 
particular, since the diafal end of the bafloon fe not ri^dly connected to the 
d,ata| end of the catheter, any axial oontraebon or oxpan.ion of the balloon wlii 
not ttnpart any tensile or compressive forces along the axis of the catheter 
and the catheter will not be bowed or stretched as msull of the inflation or ' 
deflation of the balloon. Consequemfy, th^ catheter should remain centered 

With respect to oross^sedion of the balloon irrespective of the state of inflation 
of the balloon. 

These and other advantages, as well as the invention itself, wfji 
become apparent in lh« details of construction and operation as more fulfy 
described below. Moreover. It should be appreciated that several aspects of 
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eaiEF DESCRIPTION OF SEVERAL VIEWS OP THE DRAW.HeS 

Several embodime^te of the present fnv..tion wil, „ow dascr/^e^ 5y 

b^loan ^thetar ,n acco.danc. with the teachings of the p^sent invention- 

h.,l. ; ^ «^'Secfion,) Sid. View a .econd embodimem of a ' 
balloon catheier in ^ ^ ^^^^^^ ^^^^^^^^ 

catheter ^* " 7°'"^"^*"^ ^ - thim .mbodime.t of a balioon 

catheter ,n aocord^c. with the teachings of the pi^sent inventlor,- 

^ « crcss^eotiond sid« view of a fourth embodiment of a 

pI^T: '"r^"^'^^ ^ t-^f^inos Of the present ir,ventioo: 
FIGS. 5A-5D depiot c^^eclional «de view, of a conventiona) 
baitoon catt^^ter in various stagey of inflation and deflation- 

catheter'^' ' " ^ f^<=nal side vi.w of a fifth embod.-m«nt of . balloon 

catheter .n accordance with the teachings of tiie present invention" 

F,a 7 ,s a cnoss^eotfonat side vie. of a sixth en^bodi^em of a balloon 
ctheter ,n accordance with the teachings of the pre..ot invention- 

FIG a ,s a cross-s^ctional sid« view of a seventh embodiment of a 
b«ttoon catheter in acoordanoa with the teaoWngs of the p^sent irWention; 

Fia 9 is a cross^ectfonal side view of a eight enibodment of a baiioon 
catheter in accordance with the . teaching, of the present invention. 

DETAILED DESCR/PTiON OF THE liMVEN TlOiVI 

deoi J '"L!"'^'''"^"^ ' ^^"^ -t^-*- -"O of the pr^nt invention is 
depictod in na 1. T7^ balloon catheter 10 includes a rounded oval 
cylindricat, bullet or ottier appropriately shaped balloon 12 that is affixed to a 
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.ath.ter 14. The balloon 12 is typically manufactured from a non-elastomerJc 
matenaJ {e.g. a ^i-r/gid or non-compiiam »,aterial), and preferably 
compnsea a trar^locnt. transparent or optically dear film. For example, the 
balloon 12 oould be manufactured iroru a biocompatible polymer such as 
polyam.de. polyurethane. polyester, poiyobfin. polyethylene terephtha/ate and 

the iikfi 



The balloon 12, as shouvn In the drawings, includes a dfstal end 16 a 
pro.imaf end 1 8 and a central portion 20. However, m^^l conf igurations or 
designs can also be utifeed for the balloon 12. For «.emple. the distal end 1 6 
and the proxjmal end 18 could both comprise a tubular construction so as to 
tomi a neck. The balloon 12 is attached 1o the catheter 14 by inserting the 
d.sta) end 22 of the catheter 14 into and through the proximal end 18 of the 
balloon 12. The balloon ia is then slid over the catheter 14 until the di^al ond 
22 of the catheter 1 4 is inserted into a portion of the distal end 1 6 of the 
balloon 12. The proximal end 1 8 of the balloon 12 is then affiled to the outer 
wall Qf the catheter 14 by an adhesive, ultrasonic welding, or some other 
method so as to anchor and s«ai the proximal end of the balloon 1 2 )n the 
preferred embodiment shown, the irtside diameter of the proximal end 1 8 
s/zed to fit tightly or snugiy over the catheter 14 so as to improve the ftit^rily 
of the seal between these two components. 

The distal end aa of the catheter 14 is ijst affixed to the distal end 1 6 of 
the baf/oon 12. As shown in the drawing, the distal end 22 of the catheter 14 
extends partially, but not f«lly. into the distal end 16 of the balloon 12 so as to 
form a slip joint 26 between these two components. The sMp ioiPt 26 sdiom 
the distal end 16 of the balloon 12 to a^ially mov. or translate with respect to 
the distal end 22 of the catheter 14. This corvRguration allows the overall axial 
or longitudinal length of balloon 1 2 to change dudng inflaffon or deflation 
without transfen-lng tensile or compressive forces to the catheter 14 For 
example, when the balloon 1£ is deflated, the balloon 12 tends to elongate in 
the ax,al direction as the central portion 20 is drawn inwardly towards the 
catheter 14. thereby moving the distal end 16 of the balloon 12 distally from or 
relative to the distai er.d 22 of the catheter 14. Since the distal end 1 6 of the 
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balloon 1£ is nat prevented from moving axially, transverse creasino of the 
central portion 2o of the balloon 12 during deflation fe elrminated or at least 
minimized, ft/loreover. ttie central portion 20 of the balloon 12 can be 
coitepsed into a smaller diameter or cross-section for ingress or egress of the 
balloon catheter 10 through the body's canals and/or the endoscope channel. 
The slip joint 26 also prevents the application of adverse forces on the 
catheter 14 by the balloon 12 during inflation or deflation of the device. In 
particular, since the distal end 16 of the bailoon 12 is not connected to the 
distal end 22 of the catheter 14. any axiai contraction or eprpanslon of the 
balloon 12 will not Impart any tensile or compressive forces onto the catheter 
14. In other words, the catheter 14 will not be bowed or stretched as result of 
the inflation or deflation of the balloon 12. Consequently, the catheter 14 
should remain centered with respect to oross^ectlonal area of the balloon 12 
irrespective of the state of inflation of the ijaJioon 12. 

By partially extending the distal end 22 of the catheter 1 4 into the distal 
end 1 6 of the balloon 12. the distal end 22 of the cathatw 14 can provide 
some lateral or transverse support to the distal end 16 of the balloon 12. This 
lateral support can help to guide the device, and prevent the balloon 12 from 
folding or collapsing, as ths device is being inserted into the body's canals. 
The length of the distal end 16 of ihe balloon 12, and the position of the distal 
end 22 of the catheter 14 therein, shouW be suffJcfent to permit these 
components to freely translate with respect to each other in response to all 
stages of inflation and deflation of the device. 

The tfiefat end 16 of the ba/toon 12 is sealed so as to enclose the 
balloon 12. In the prefen^d embodiment shown, the distal end 1 B of the 
bailoon 12 is formed by inserting and sealing a small rod into the nock of the 
balloon 1 2. The distal end 16 of the balloon 12 may also be rounded to 
improve ihe ingress of the balloon catheter 1 0 into and through the body's 
canals and lumens, as well as through the channg] of an endoscope, in 
adcfitton, the inside diameter of the distal end 16 of the balloon 12 is slightly 
larger than the outsldfe diameter Of the distal end 22 of th© Catheter 14 so as 
to permit air or fluid to enter or be removed from the interior volume of the 
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38 of the balloon 4n Th^ - ""^^^'n the proxtma) end 

functions Will consequently not b« repeated hera. 

A third e/Db(>cf?ment of a baUoon catheter wi ^ *u 
depicted in FIG ^ Th h „ '''^^^"^ 

sirpiow With ,he «K1 64 balocn L ^ ' 

«« l«.9th Of ihe „g,d podion 56 compere* of th. 

^^^^ »d.„e,r*«,rons « ^ ^ 

tf-ortoament of »,o balloon cancer 10 show in FJa 1 but col 7 
.hep,a»,a.e«,78o,«.ba«oo„«o,o,f»p.„^^3.o,^Z:t 
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72, The flexible portion 74 has a similar design and constructiun as that ot the 
catheter 14 Ol the f,r^ embodJment shown in Ba 1. The distaJ end 92 of the 
flexible portion 74 is affixed to the proximal end 78 of tfie balloon 80 by 
adhesive or mm^ other fom. of bonding. The segmented portion 76 oan be 
either rigid or ftexifola. and either boliow or 8o«d. /n other wo«te the 
segm(»nted portion 76 can a mdWike.length of material as opposed to a 
catheter-like tube sin.e the .egmemed portion 76 does not necessarily need 
to carry fluid between the ir^flation device (not shown) and the balloon 80 

The dista) end 82 of the segmented portion 76 affixed to the distal 
end 84 of the balJocn 80. The segrtiented portion 76 extetlds proximaJly from 
the d«tal end 82 and terminates within the proxirtiat end 78 of the balloon 80 
The proximaf end 90 of the segrr,enied portion 76 is not affixed or bonded to 
the proximal end 78 of the balloon 80, but is free to move axially within the 
prox,mal end 78. in other words, a slip joint 94 is fornied between the 
proximal end 90 Of the segmented portion 76 and the proximal end 78 of the 
balloon 80. A gap 88 is provided between the proximal end 90 of segmented 
portion 76 and the dfstal end 92 of the flexible portion 74 within the prnximat 
end 78 Of the balloon 80. This gap 88 provides room for the segmented 
portion 76 to move longitudinaJly within the pmximal end 78 of the balloon 80 
as the balloon 80 longitudinally contracts or elongates during inflation and 
deflation, as well as allowing fluid from the inflation device (not shown) lo pass 
throuah the distal end 92 of the flexible portion 74 and into the interior of the 
balloon 80. The proximal end 78 of the balloon 80 also provides lateral 
support to the proximal end 90 of Ihe segmented portion 76. 

This embodiment has the advantage Of allowing the balloon 80 and 
the eegn,enfed portion 76 of th^ catheter 7Z to flex nearth^ proximal end 78 
of the balloon 80. Thfe may provide IncfBaaad maneuverability of the balloon 
catheter 70 during insertion of the device into and through the body's can^is. 

Of course, it should be appnsciated that the segmented portion 76 
could terminate short of the proximal and 78 of the balloon 00. fr> other 
words, the segmented portion 76 could extend only partially into the interior 
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volume of the balloon ftn th„ u . 

«» mem, votaa o. wteon where i, w ^ °^ 
primal en. ,36 « ^ZTZ °^ °' ^ 

'^^^o,^^,^ «« P«.»m.. end ,36 o, ,he 

« h<.to^ ^,1*2 ^ 

-'"^^n. ccpHee, a »..an,ed oXZlT. ' 

two-p,ecB catheter 142, wherein the 
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P^ximal portion 144 of tha ^^i^ * . 



balloon ISO ^ ^ '* »» Wertor voh™, 

a »*™ .uaurC^ r -mater 

*n the fifth and sixth Ar«krv^- 

=»-b ,0 . tl^T^ ° '7 "*» "2 «« co„«ou,« .„ 

*">G.a, wcfoss-MctioM a™ ^ J "^t^ outer «),*,r ,62. The 
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he passage of fluid between th. Iu.r fitting i 72 (i..., the in«ation davics) and 
the .nterior of the balloon 1 68. Aherna«ve!y. the outer cathoter 162 may 
compute a separate lumen for the passage of fnfiation fluid 

AS illustrated in Rg. 8. th^ siiff^nfng meml^f 174 Is connected at or 
near fts proximal end 176 to the J..r fitting 172. Tt,e distal end 178 of the 
stiffening ni«n,lw 1 74 extend, di^aliy from ,he distal end 1 64 of the outer 
catheter 16a. through th. interiorof the t^alioon 168. and into a sleeve 180 
formed In the distal end 182 of the l^floon 168. In the embodin^ent .hown 
th. sleeve 1 60 la formed by an end cap 184 fixed to the dist.I end 1 82 of the 
faairoon 1 68. Tha end cap 1 84 provides an air tight sea/ with the balloon 1 68 
and ^ rounded ^ ita distal end to facilitato ir^reas of the bailoon catheter 160 
•mo and thn^ugh the patienf 8 bodily lumen and prevent the end cap 1 84 fmm 
puncturing or injuring the walls of the bodily lumen. The end cap 1 84 may be 
manufactured from a pliabJe piastic material to further promote the fngresa of 
the balloon catheter 1 60 and reduce irritation that may ba caused thereby 

The distal end 178 of the atiffening member 174 slidaWy engages with 
sleeve 190 to form a slip joint 186 that is simifar to the slip joint 26 of th^ 
balloon catheter 10 shown in Fig, 1, As described in detail above, the slip 
joint 186 allows the distal end 182 of the balloon 168 to axially move or 
translate wftb respect to the distal end 1 78 of stiffening member 1 74 This 
configuration allows the ovemD axiat or iongitudinal length of baJloon 1 68 to 
change during inflation or deflation without transferring tensile or oorr,pr^.ive 
forces to either outer catheter 162 or s^ening member 174. 

In the embodiment illustrated in Fig. 8, a collar or cannula 188 is 
disposed Inside the sleeve 1 80. The cannula 188 has an Inside diameter that 
is sUghtly greater than the outside diameter of stiffening member 174 so as to 
allow the stiffening member 174 to move axlally or slide with respect to the 
cannula 1 88. In other words, slip joint 1 86 is fbmied by the interaction ot 
stiffening member 174 with cannula 188. The cannula 1 88 aligr,^ stiffening 
member 174 with the central axis of the distal and 182 of the balloon 168 A 
press-fit connection is utilized fo di3pose cannula 1 88 within the sleeve 180 of 
end cap 184. The pr©ss-fii connection is formed by manufacturing the 
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T» bead 186 has a n,iivi«H , bead 166. 

..r rmrr 7 "'^ ' - 

Mmpmes a oma»* aoli™.,, h '"™^ ^ "aad 1 S6 also 

' o, 6ajr^ » 

in ihe embodiment flJustrated In Rn ft ^t;** 

outercaflietar 189 Th. ^ " "°™*" <i»tal end 164 of the 
■-aneiBr 162. The reduced diameter of the dsM «„h «. 

and 164 o, the batJTJ T ' =f 
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Strffen-ng n,.n,ber 1 74 comprises a .o«d wlr^ that n,ay have a stiffness 
or r^tsnce to ben*, tha. . ^.^.^er t.ao the .^nss. or resistance to 
bend.ng of outerc^H^er .62. ,n ad.U.on to _ng a«gn.ent of the 

end 186 Of the ba..oo. 168, t.e ...ening m.r.b.r 174 enhances the 
overd) .t.*fness and pu.habHfty of battoon catheter 1 60. in other vvord. 
overall stiffnes. and p^shabMy of balloon cathetar 1 60 fe achieved by the 

oombfnat-cn Of the a.-,feninamarnber 174 .r«i the outor catheter 162 The 
st.Hen,ng momber 174 may also provide a radiopaque reference line for 
aoc.ratdy po«HJoning the central axis £or o«^) of the balloon 168 within 

tn$ patient. 

The stiffenlna member 174 may have either a circular or non~drcuiar 
cros^jectlor.. in particular, a non-clroular Cro..cec«on {e.g.. tn..,.,ar or 
star^shaped) may be utilized to increase the length or stiffness of W 
.t,ttening member 174 without inhibitino the no^ of inflation fluid though the 
iMmer, 176 of the outer catheter 162. The stiffening n,ember 174 may aiso 
cornpr,,^ hollow cross-section with a lumen disposed therein. As will b^ 
explaned bdow In connection vWth the eighth embodiment Shown In Rg 9 a 

lumen extending through the stiffening member 174 could be used to ' ' 
accommodate a vfire guide. 

The stiffenlr»g member 174 may have non^uniform properties along the 
iongth thereof. For example, the stiffening member 1 74 may b. tapered (e g 
having a decreasing cross-section) so as to have stiffness that d«ore^^es " 
from its proximal ond 1 76 to it. distal end 1 78. Ttie stiffening member 174 
may also be manufactured from different materiala having differ^t physical 
properties. A ^ffenlng member 174 having . decreasing .Mne.s along the 
length thereof would provide the balbon cethet^r 1 6o with greater stiffness 
near the proximal end 1 70 where the ability to push the bafloon catheter 200 
0.e., •^ushabillly") is most important, while providing grater flexibility hear the 
distal end 104 wher^ the ability to gu/de th^ balloon catheter 200 around 
tortuous pathways is most Important. TT.e stiffening member , 74 may also be 
manufactured from different materials having different physical properties 
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An eight smbocHrnsnt of a balloon catheter 2on nf 
embodiment, .nne. mernber 204 

'•nner bmen 2oe adapted to ^ '^''""'^ "^"^^^ ^^^ing an 

-auapraa to receive q wfre nHirf^a oao -tl . 

provided at .a* «rt 210 21. of ' '^'^ ^ 

fens:, o, o^t.X^^tt "* "'^"^ 

spread out over a releflvelv Idnn rir r "'^"'^^^ 204 is 

tha. Of the b««oon ' " -"^ -a«er than 

'n the embodiment illustrated in Ra g ,nn«r 
proximal sectfoo 224 and e distal ^ « « 
materia, p,x,p.rt|as ' ""^ ''^^^'^-^ 

Nai^Ve to outer a^emJ^', ' " '-^^^ 

contest to the prox,ma, section 224, the diele) section 22^ fe 
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oons^ed Of a reJatlvely ri^id material so to provide Jat^a, support to th. 
d^tal end 214 of the balloon 216. The mor. .gld distai «ct..n 2.5 „,ay al^ 
ex^..d proximaily of the baHoon 21 6 to provide additional sMne.s to tha outer 
catheter 202. Tha portion th. out.r oaihater 202 adjacent to the .ore fiexi.ie 
proximal seotion 224 oi the inner r^ember 204 may be stiffar,ad to avoid weak 
araas that may ba pron. kinking. st.'ffer.!„a of the outer catheter 2Q2 can ba 
Bocompiishad by. for example, incre^s/ng the cross-aecUonal area of the outer 
cathater 202 or Jndudrng a separate stfffening member (not shown) 

J^'*^^"««^«'y. outer oathatar 202 rr,ay comprise a material of b^^^^ 
^a.t,c,ty that wi» readily elongata in response changes fn the fength of th. 
baHoon 216. For ^xanjple. the outer catheter 202 (or a portion theiBof) may 
be constructed of a flexlbf e material or otherwi.a configured to readily expand 
or oontraot in length (relative to inner member 204) in response changes in 
the length of the balloon 21 6. in auch an ambodlment. the ioner member 204 
may be constructed of ^ ralativaly rigid material so as to provida stiffness or 
lateral support to the cuter catheter 202 as well as to the distai end 214 of the 
b««oon 216. in other words, the inner member 204 will act as the prfmary 
stiffening member for balloon catheter 200. 

The ba/loon cathater 200 of thia embodiment la adapted for use in 
medical procedures wherein a wire guide 208 ia propositioned in the patient's 
bodily lumen. «n such a prDosdure.th^ proximal end of wir« guide 208 which 
extends outside of the patient, is Inserted through port 222 and Into inner 
lumen 208 of distal end of balloon catheter 2O0 (i.e.. irrto the distal and 21 2 of 
^ner member 206). The balloon catheter 200 is then pushed ov.r the wire 
guide 208 unlil the balloon 216 is positioned at the desire locatfort within the 
paftent The wire guide 208. which may have been previously posifionad 
wrthin the patient during an eartfer part of the medicai procedure, allows the 
balloon catheter 200 to be quickly inserted and guided into the patient The 
balloon 216 is then inflated as described above in connection wfth the other 
embodiments. 

ft should be appreciated that the wire guide 208 must be long enougft 
so that the portion of the wire guide 208 extending out of the patient is longer 

19 



than the overaB lengtt, of the inner memb.r 204 of th. baJloon catheter 200 
Thrs length .s necessaiy so that the proximal end of wire guide ao8 wi« extend 
out of inner lumen 208 at the primal end 218 (and proximal port 222) of 
.nner member 204 prior to the di^tai and 21 0 of mr,ar member 204 (or end cap 
212) ,s .n^erted into the patient This ^lows the wire guide 208 to ba grasped 
and haw in position at a« times while Ihe balloon catheter 200 is being fed 
onto the wire guide 20a and inserted into tlie patient. 

in the embodimont iilustrated in Fig. 9, the proximal end 218 (and 
proximal port 222) of inner member 204 is located ralatlvejy near connector 
220. Inner memb.r 204 therefor^ extends along a substantial portion of 
bailoon catheter 200. Catheter devices having a wire guide lumen extending 
along substantially the entire overail length of the dovice commonfy 
refe^^^d to as over^h«-w(r. devices. However, a shorter Inner member 204 
could be uaifzod For example, the proximai end 218 (and proximal port 222) 
of inner member 204 could be located much closer to the balloon 216 
Alternatively, additional ports 222 could be provided along the outer catheter 

to g.ve access to the inner lumen 209 at intemiediatefocations. In such 
embodiments, the wire guide 20S would exit inner lumen 208 at a location 
ne^r the proximal end of the bailoon 2t6. The a«ar>gem^ requires a much 
shorter portion of the wire guide 208 to extend out of the patient a-noa the 
length Of the inner lumen 208 Is much shorter than the length of the balloon 
catheter 200. Catheter devices having a shorter v^jre guide lumen, or having 
.ntermediate access to the wire guide lumen, are commonly refeited to as 
rapid exchange devices. 

Any other undisclosed or incidental details of the constmctlon or 
composition of the various elements of the disclosed embodiments of the 
present invention are not conside^d to be crifical to the achievement of th« 
advantages of the present invention, so long as the elements possess the 
attributes required to perfom, as disclosed herein. The seiection of these and 
other details of construction are believed to be well within me ability of one of 
ordinary skill in the relevant art in view of the present disclosure, illustrative 
embodiments of the present Invention have been described in considsrabte 
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•ntend« to be exemplar only The LJt 

scope of the mvention. . <^«Part»ng from the spirit and 
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CLAIMS 
1 



^ t)a«oor) catheter comprising: 



■^enw portion disposed tta™«etw«v ' " 

potion c«„prt», , oo™^^ coCu^r ■ ''^ ""^"^ 
*^ portion ^weaedtr *vic», mo 

' "^^^^^ ^^''"'^^^'"-"t of the distal end nf th K , 
P'^x/rnai end of the baJloah Jn a dir«. r 

- - :z:r r — o. ,e«^ 
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sem/Vioid material. * ^ "°^'Compiiant material, and a 
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The bal/oon r-a*h^*^ 
^- The bai/oon cafho* 

*° '''' -nd portion ihe 



^' catheter 
"'emijerfta-^^ ^* ""^^^ secUonal '"^e lumen of 

' ^ ■ The baltoon catho* 

of t/,e catheter «'='=ording to claim Q vuhor-ei. ,u 

^-^"0 ^'ng fixec//y connected to the 
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»' tte *af, an, J"*^ ««™Q ^ J 

■'3- The balJoon cathBter 

^S- The bai/oon calhst 

0,0^^^^, -<»^„ area c( ^ 

^ The baffoon cath^^^^ 
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ofoss-sectional area of the 
2'-^'. «.s bead , ^^^"^ y -"" "> ' 

"•.rannub. ""^'"""""insd, diameter.^ 

'"^'lalloon catheter ,. 

21- Wroon rathder acoortin , , 
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Mreguide. *'""=°™°*te<l« passage 

tta wc<«d phyacai property. '«"S> *le™, u,a„ 

The balloon cath^t^*- 
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